Maternal anogenital licking (MAGL) has been studied to understand the mechanism of maternal behaviour. The present study showed that rats had glycosuria at the concentration of 18-20 mgldl and glucose was the preference of postpartum rats. MAGL increased on suckling rats separated for 24 h. However, wiping anogenital region attenuated the increase of MAGL. Therefore, glucose preference of postpartum rats may be involved in MAGL.
Maternal anogenitallicking (MAGL) is commonly observed in many species. MAGL has been thought to be an activity of maternal behaviour. To understand the mechanism of maternal behaviour, MAGL continues to be a considerable topic for researchers.
MAGL on neonatal rats has been studied by many investigators (Birke & Sadler, 1985; Gubernick & Alberts, 1985; Flannelly et al., 1986; Clark et 01., 1989) . Flannelly et at. (1986) have reported that septal-forebrain lesions of the dam altered the maternal care and have suggested that maternal factors played a role in MAGL. Conversely, Birke and Sadler (1985) and Moore (1982) have reported that hormones of newborn rats contributed to MAGL. Therefore, both maternal and newborn factors contribute to Correspondence to: W Patrick Zeller.
Received 11 February 1991; accepted 9 April 1992 MAGL. However, the mechanism of MAGL is not completely explained by these experiments. It is known that food preference is altered during pregnancy and lactation (Richter & Barelare, 1938; Hook, 1978) . Although glucose at the low concentration may not be the preference for normal rats, it may be for postpartum rats. Glycosuria is noted in rats (Kluwe, 1981) . Glycosuria may stimulate MAGL of postpartum rats.
The present study was performed to show glycosuria in suckling rats, glucose preference in postpartum rats, and the initiation of MAGL.
Materials and methods
Pathogen-free pregnant Sprague-Dawley rats (Holtzman Strain: Harlan Co., Wisconsin, USA) and age-matched female rats were individually housed in our animal facility and were fed with rat chow (Allied Miller Inc., Wisconsin, USA) and water in excess unless otherwise specified. Rat rooms were controlled by 0700 h light-onl 1900 h light-off conditions. Newborn rats born in our animal facility were kept with their dam until the experiments were performed. Experiments were performed between 0800 hand 2200 h.
Experiment 1: plasma and urine glucose concentrations
To determine plasma and urine glucose concentrations, rats were divided into 4 groups as follows: Group 1 (n = 7): 0 day old rats; Group 2 (n = II): 10 day old rats; Group 3 (n = 7): adult rats; and Group 4 (n = 12): lO-day-old rats which were kept in an infant incubator (Model C-86; Air-Shield Inc., Pennsylvania, USA) for 24 h. Trunk blood and urine were collected after decapitation.
Plasma and urine glucose concentrations were determined using a glucose analyser (Yellow Springs Inc., Ohio, USA).
Experiment 2: water and glucose solution intake This experiment was performed to show glucose preference in postpartum rats. Adult rats (300-350 g) were divided into 3 groups. In Group 1 (n = 5), 10 day postpartum rats were given water for the first 5 days, then a glucose solution of 20 mg/dl in place of water for the following 5 days. In Group 2 (n = 5), 10 day postpartum rats were given a glucose solution of 20 mg/dl in place of water for 5 days. In Group 3 (n = 5), female rats were given a glucose solution of 20 mg/dl in place of water for 5 days. Food was given ad libitum. Water intake and glucose solution intake were measured daily and average values for 5 days. Water intake was expressed as ml/day/100 g.
Experiment 3: maternal anogenital licking Experiments were performed when newborn rats were 10 days old, to evaluate the effect of the separation of pups on MAGL. Five or more litters in each group were tested. In Group I (24 h), all of the pups except 5 were separated for 24 h from the dam. Five pups were left in an attempt to make a stable environment for the dam and to compare to the separated pups. In Group 2 (all-24 h), all of the pups were separated for 24 h from the dam. In Group 3 (24 h-wiped), all of the pups except 5 were separated for 24 h from the dam. The anogenital regions of the separated rats were wiped with a warmed wet swab before they were returned to the dam.
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The purpose of wiping anogenital region was to remove urine and/or urine odour. In Group 4 (all-24 h-wiped), all of the pups were separated for 24 h from the dam, and their anogenital regions were wiped before they were returned to the dam. In Group 5 (10 min), all of the pups except 5 were separated for 10min from the dam, to observe the effect of short-term separation on MAGL. The remaining 5 pups were left with the dam.
The pups were kept in the infant incubator during the deprivation. MAGL was studied after the pups were returned to the dam. The increase of MAGL was defined as the frequency of MAGL (more than 2 episodes/s) and the duration of MAGL activity (more than 3 s/rat). These litters were observed for 10 min to guard against observer bias.
Statistics
Mann-Whitney Rank sum test was used for the statistical comparison of MAGL. Mean values and standard error were calculated for plasma and urine glucose concentrations, and water and glucose solution intake. Student-t test was used for the statistical analysis.
Results
Experiment 1: plasma and urine glucose concentrations Plasma glucose level increased with age (Table I) . Urine glucose concentration was 18-20 mg/dl in rats of all ages. When lO-day-old rats were separated for 24 h from the dam in Group 4, plasma glucose level decreased but glycosuria remained. Group I (0 day, n = 7) Group 2 (10 day, n = II) Group 3 (adult, n = 7) Group 4 (10 day and deprived, n = 12)
Mean±SEM. 
Discussion
The present study showed that glycosuria was present in lO-day-old rats even when they were Experiment 2: water and glucose solutions intake (Table 2) In both Groups 1 and 2, intake of glucose solution was significantly greater than that of water. The 10-15 day pospartum rats (Group 2) took more glucose solution than the 15-20 day postpartum rats (Group 3). However, there was no difference of water intake between Group 1 and Group 2.
Experiment 3: maternal anogenital licking (Table 3) A 24 h separation increased MAGL in both Groups 1 (24 h) and Group 2 (all-24 h). There were no differences in MAGL between Group 1 and Group 2. When anogenital region of pups was wiped in Group 3 (24 h-wiped), MAGL did not increase. When anogenital region of pups was wiped in Group 4 (all-24 h-wiped), MAGL increased but the activity was attenuated when compared to Group 1. The 10min separation did not increase MAGL in Group 5 (10 min). fasted for 24 h. Our experiments also showed glucose was preferable for postpartum rats, and that pups separated from dams for 24 h increased MAGL. Kluwe (1981) showed glycosuria at the concentration of 10-30 mg/dl in adult rats. In the present study, the concentration of urine glucose was 18-20mg/dl in all age groups. Plasma glucose concentration decreased during food deprivation in lO-day-old rats, and urine glucose concentration also significantly decreased (P<O·OI). However, glycosuria was still present after food deprivation. The mechanism of glycosuria continues to be under investigation.
Our experiments showed that postpartum rats took more water with glucose than water alone. This result suggested the glucose preference in pospartum rats. This glucose preference of postpartum rats decreased during the weaning period of newborn rats. However, non-parturient and non-lactating female rats did not show glucose preference at this low concentration of 20 mg/dl. Therefore, the preference for glucose in postpartum rats may influence MAGL.
When pups were separated from their dams for 24 h and returned, MAGL increased. Gubernick and Alberts (1985) reported that MAGL was important for water exchange. Since in the present study excess water was supplied for the dams during the separation, it was unlikely that the increased MAGL was caused by an exchange for water. Alberts and Gubernick (1983) also showed that the salt appetite of lactating rats played a role in MAGL. Moore (1985) showed that urine odour of pups also played an important role in MAGL. Wiping anogenital region removes urine, salt and urine odour. Therefore, MAGL may not be caused solely by one factor, and salt and odour factors may have also contributed to the increased MAGL. The short-term separation did not increase MAGL in dams kept with some pups, but a 24 h separation increased MAGL. Since wiping anogenital region blunted MAGL in dams which stayed with some pups, urine accumulation appears to be related to the increased MAGL in 24 h separation. This study did not show direct evidence of glycosuria causing MAGL. However, glucose preference of pospartum rats and glycosuria in suckling rats appeared to influence MAGL.
When all the pups were separated for 24 h, wiping anogenital region did not blunt MAGL. Therefore, the separation of all of the pups from the dam and the returning of the pups -Dias (1986) reported that the postural response of infant rats to the dam contributed to MAGL, and the loss of postural compliance by weaning rats led to cessation of MAGL. Since glucose preference of postpartum rats decreased during the weanling period of newborn rats (15-20 postpartum days), the decrease of glucose preference in dams also could cause the cessation of MAGL. Postpartum rats do not show anpgenitallicking on adult rats. The lack of anogenitallicking on adult rats may be related to the posture of adult rats.
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